Adolescence is a time of increased risk for the onset of psychological disorders associated with deficits in face emotion labeling. We used functional magnetic resonance imaging (fMRI) to examine age-related differences in brain activation while adolescents and adults labeled the emotion on fearful, happy and angry faces of varying intensities [0% (i.e. neutral), 50%, 75%, 100%]. Adolescents and adults did not differ on accuracy to label emotions. In the superior temporal sulcus, ventrolateral prefrontal cortex and middle temporal gyrus, adults show an inverted-U-shaped response to increasing intensities of fearful faces and a U-shaped response to increasing intensities of happy faces, whereas adolescents show the opposite patterns. In addition, adults, but not adolescents, show greater inferior occipital gyrus activation to negative (angry, fearful) vs positive (happy) emotions. In sum, when subjects classify subtly varying facial emotions, developmental differences manifest in several 'ventral stream' brain regions. Charting the typical developmental course of the brain mechanisms of socioemotional processes, such as facial emotion labeling, is an important focus for developmental psychopathology research.
Introduction
Adolescence involves dramatic socioemotional changes, including heightened reward sensitivity, emotional reactivity and risk-taking, as well as decreased threat avoidance (Steinberg, 2005) . Adolescence is a common age of onset for schizophrenia, bipolar disorder and major depression (Merikangas et al., 2010) . The occurrence of potentially problematic behavior and psychological disorders in adolescence may reflect adolescent brain immaturity in areas related to threat avoidance and inhibition (e.g. prefrontal cortex) compared to reward sensitivity and emotional reactivity (e.g. amygdala) (Ernst et al., 2006; Casey et al., 2010) . These brain regions are also highly involved in emotional face processing. The ability to correctly label subtle-to-overt emotions on faces is essential for adaptive socioemotional development and is disrupted in multiple psychological disorders, including schizophrenia, bipolar disorder and major depression. This study used a novel task to identify age-related differences in the brain regions involved in correctly labeling face emotions of varying degrees of intensity.
The ability to correctly label face emotions undergoes a protracted developmental time-course from early childhood (age 6.5) to adulthood, with adolescence as a potentially key period of transition (Vieillard and Guidetti, 2009; Mancini et al., 2013; Naruse et al., 2013; Susilo et al., 2013) . Considerable research, primarily in adults, shows that face processing relies on a core set of brain regions, including the superior temporal cortex, prefrontal cortex, inferior/middle occipital gyrus, inferior parietal lobule and amygdala, all of which respond to faces conveying emotions (Ishai, 2008; Cohen Kadosh et al., 2011; Sarkheil et al., 2013) . Much research has probed basic aspects of face processing, such as whether a face is detected; other tasks require no response or a response other than emotion labeling (see reviews Kanwisher, 2010; Wiggins and Monk, 2013) . However, few neuroimaging studies delineate neural correlates of faceemotion labeling, and no studies in either adults or adolescents map regions engaged when choosing labels for several different, subtly expressed emotions. Including subtly expressed emotions may increase ecological validity and better capture developmental differences in face-labeling skills.
As noted earlier, adolescence is a time of increased risk for the onset of psychopathology (Merikangas et al., 2010) , whose etiology and maintenance may be related to problems processing facial emotions. Indeed, schizophrenia (Strauss et al., 2010) , bipolar disorder (McClure et al., 2005; Brotman et al., 2008b) and depression (Schepman et al., 2012) all typically manifest first in adolescence and are associated with deficits in face emotion identification. Moreover, face emotion labeling deficits are present in adolescents at risk for developing these disorders (Brotman et al., 2008a; Lopez-Duran et al., 2013) , suggesting that face emotion labeling deficits may develop in tandem with socioemotional symptoms. Facial emotion labeling deficits in adolescents with or at risk for depression are particularly apparent with more subtle faces compared to full-intensity faces (Schepman et al., 2012; Lopez-Duran et al., 2013) . Thus, identifying the neural underpinnings of the ability to correctly identify face emotions is important to establish a foundation for brain research in populations in which face labeling is disrupted.
Despite evidence that the ability to label face emotions continues to mature through adolescence, to our knowledge, no research has compared adults and adolescents on brain regions engaged during face labeling, nor examined non-linear brain responses across subtle-to-overt emotional faces. Thus, this study mapped developmental differences in the brain regions involved in correctly labeling emotions, by comparing adult and adolescent responses to fearful, happy and angry faces across degree of intensity, as well as to the process of correctly labeling emotions more generally (i.e. regardless of intensity). To accomplish this, adults and adolescents were scanned while they performed a novel task developed to probe the face emotion labeling process.
Materials and methods

Participants
Data from 23 healthy adults and 21 adolescents were included. Of 27 adults and 25 adolescents who completed the task, 4 adults and 5 adolescents were excluded from analysis because of excessive head motion (>10% of frames removed after motion censoring, 2 adults); inadequate data in each of the conditions (<62 TRs, corresponding to approximately 8-10 trials, retained per condition after trials with incorrect responses were removed and motion censoring, 1 adult and 4 adolescents); and technical problems resulting in data loss (1 adult). All participants had normal or corrected-to-normal vision. Exclusion criteria consisted of orthodontic braces, other conditions contraindicated for MRI, and history of neurological disorders, Intelligence Quotient (IQ) < 80, and psychopathology, as screened by the Kiddie Schedule for Affective Disorders and Schizophrenia (K-SADS; Kaufman et al., 1997) in adolescents and the Structured Clinical Interview for DSM Disorders (SCID; Spitzer et al., 1992) in adults.
Participants were recruited from the greater Washington, D.C. area via advertisements and received monetary compensation. Adult participants and parents of minor participants gave written informed consent; minors gave written assent. Procedures were approved by the Institutional Review Board of the National Institute of Mental Health.
Facial emotion labeling task
During fMRI acquisition, participants performed a facial emotion labeling task. Face stimuli were from 10 actors (4 male, 6 female) in the Pictures of Facial Affect set (Ekman and Friesen, 1976) . Angry, fearful and happy faces were morphed with neutral faces, using FantaMorph Deluxe software (www.fanta morph.com), to create 0% (i.e. neutral), 50, 75 and 100% intensity emotion faces (Figure 1 ). Across 4 runs of $8.5 min each, there were a total of 28 trials per emotion intensity condition (e.g. Angry 50%, Angry 75%, etc.), except for neutral faces (i.e. 0% intensity of each angry, fearful and happy), which had a total of 84 trials (28 trials Â 3).
In each trial, participants first viewed a fixation cross for a variable amount of time (mean ¼ 1800 ms, ranging from 500 ms to 7000 ms). Timings unique to each participant for the fixation cross (i.e. intertrial intervals) were generated using the stim_a-nalyze script from Analysis of Functional Neuroimages (AFNI; Cox, 1996) . This approach allowed us to obtain a robust estimate of baseline. Next, a face was presented for 2000 ms. Then, four options to label the emotion ('angry', 'fearful', 'happy' or 'neutral') appeared next to the face for an additional 2000 ms; participants responded via a button box attached to their right hand (MRI Devices, Milwaukee, WI), synchronized to fMRI acquisition. Order of faces presentation was randomized. The options of which buttons to press to label the emotion, presented in the same order each time, appeared next to the face on each trial to reduce the working memory load. Of note, because participants were required to hold their responses until the options appeared next to the face, reaction times are not interpretable with this task. The task design reflects careful balancing of multiple considerations, including limiting the influence of potential differences in working memory and reading skills, the timing of the emotion labeling process (i.e. when the decision which button to push is made vs when the button is pushed) as well as length of the task and tolerability in the MRI.
Behavioral data analysis
To examine whether accuracy to identify face emotion differs by age group, emotion and intensity level, we conducted an ANOVA with Age Group (adult vs adolescent) as a betweensubjects factor and Emotion (angry vs fearful vs happy) and Intensity (0% vs 50% vs 75% vs 100%) as within-subjects factors. To investigate significant interactions, false discovery rate (FDR) corrected pairwise post hoc comparisons were performed. fMRI acquisition MRI data were acquired using a 3T GE MR750 scanner with a 32-channel head coil. Participants viewed stimuli projected onto a screen via mirrors. Blood oxygen level dependent (BOLD) images were acquired in 47 contiguous axial slices parallel to the AC-PC (anterior-posterior commissure) line, covering the whole brain, and used an echoplanar single-shot gradient echo pulse sequence (matrix size ¼ Analytic plan fMRI preprocessing. fMRI data were preprocessed as part of the standard processing stream using AFNI. The first four TRs of each run were discarded to allow the magnet to reach steady state, leaving 222 TRs for analysis in each of the four runs. Slice timing correction was performed. In addition, motion correction, affine alignment of the EPI to the T1 image and of the T1 image to the Talairach template were combined and applied as single per-volume transformation, resulting in a final voxel size of 2.5 Â 2.5 Â 2.5 mm. Images also underwent spatial smoothing (full width at half maximum blur estimates xyz ¼ 6.14, 6.07, 5.65) and intensity scaling.
Individual level models. For each participant, trials in which participants labeled emotion correctly were categorized by emotion (fearful, happy, angry) and intensity (0%, 50%, 75%, 100%). The resulting event types (i.e. conditions) were modeled as regressors convolved with AFNI's c-variate basis function over 4000 ms of face presentation for each trial (2000 ms before and 2000 ms after options to label the face appear). Incorrect trials were modeled with a nuisance regressor for the main analysis; for the secondary analysis including all trials, regardless of accuracy, this nuisance regressor was omitted. Motion parameters (estimated in the x, y, z, roll, pitch, yaw directions) and fourth degree polynomials modeling low-frequency drift, based on run durations of 508 s, were included in the baseline model. To address excessive head motion, TRs pairs with more than 1 mm framewise displacement were censored. Beta coefficients were estimated for each voxel and each regressor. The beta images, which represented estimated activation in each condition for each participant, were then used in group-level analyses.
Group level models. AFNI's 3dLME was utilized to create a wholebrain linear mixed effects model with Age Group (adult vs adolescent) as a between-subjects factor and Emotion (fearful vs happy vs angry) and Intensity (0%, 50%, 75% and 100%) weighted linearly, quadratically and cubically as within-subjects factors.
To identify developmental differences in the brain regions activated when correctly labeling emotions of varying degrees of intensity, we examined interactions of Age Group Â Emotion Â Intensity-Linear; Age Group Â Emotion Â IntensityQuadratic; and Age Group Â Emotion Â Intensity-Cubic. To identify developmental differences in the brain regions involved in correctly labeling emotions regardless of intensity, we examined the Age Group Â Emotion interaction. For all contrasts, the cluster-extent threshold was set to k ! 38 (594 mm 3 ) at a height threshold of P < 0.005, equivalent to a whole-brain corrected false positive probability of P < 0.05, as calculated by 3dClustSim, using blur estimates averaged across participants. All activation maps were identified with a mask to include only areas of the brain where 90% of participants had valid data. FDR-corrected post hoc analyses were performed to characterize the interactions in R (www.r-project.org) and SPSS statistical software, using values extracted and averaged from the clusters. As a secondary analysis, we reran the whole-brain model including all trials, regardless of accuracy.
In these analyses, age was used as a dichotomous variable to be consistent with and facilitate comparisons to many prior papers that have used this approach (Thomas et al., 2011; Somerville et al., 2013) . Additionally, the dichotomous approach avoided statistical problems due to having fewer participants at the oldest end of the scale. That is, if age was used as a continuous variable, the few oldest participants would have a disproportionate effect on the analyses; a dichotomous approach limits the influence of these few participants. Nevertheless, we reran the analyses with age as a continuous variable.
Lastly, because of previous findings of developmental progression in the amygdala (Guyer et al., 2008) , we conducted a region-of-interest (ROI) linear mixed effects analysis with values extracted and averaged across each amygdala. This analysis specifically modeled developmental associations with amygdala activity during correct face emotion labeling, comparing adult and adolescent amygdala responses to fearful, happy and angry faces both (i) across degree of intensity and (ii) regardless of intensity.
Results
Behavior
Both adults (78.7% accuracy) and children (74.1% accuracy) perform well above chance (25%) ( Table 1 ). The Age Group Â Emotion Â Intensity interaction predicting accuracy was not significant (F 6,252 < 1); thus, adults and adolescents did not differ in their ability to identify emotions at any intensity level. However, the Emotion Â Intensity interaction was significant (F 6,252 ¼ 24.02, P < 0.001). Post hoc contrasts indicated that this interaction was driven by 50% intensity faces across all emotions, which are less likely to be identified correctly than other intensity faces. Additionally, angry and fearful faces at 50% intensity are more difficult to identify correctly than 50% happy faces (Figure 2 ).
Developmental differences in brain mechanisms of labeling emotions with varying degrees of intensity (Age Group 3 Emotion 3 Intensity-Linear, -Quadratic, and -Cubic)
We tested whether brain activation associated with correctly labeling emotions, with intensity modeled linearly, quadratically and cubically, differs in adolescents vs adults by conducting a whole-brain linear mixed model with Age Group Â Emotion Â Intensity-Linear, -Quadratic and -Cubic interactions. In adolescents vs adults, three brain regions (superior temporal sulcus, ventrolateral prefrontal cortex and middle temporal gyrus) respond differently to faces, depending on emotion and intensity levels. Specifically, the Age Fig. 2 . Accuracy of face emotion identification. Across both adults and adolescents (N ¼ 44), accuracy differs by emotion, depending on intensity level (Emotion Â Intensity, F6,252 ¼ 24.02, P < 0.001). Fifty percent intensity faces are less likely to be identified correctly than 75% or 100% intensity faces, and angry and fearful faces at 50% intensity are less likely to be identified correctly than 50% happy faces. Adults and adolescents do not differ in identifying emotions of different intensities (Age Group Â Emotion Â Intensity, F < 1, not shown). Brackets indicate significant pairwise comparisons (P < 0.05). Error bars indicate standard error. Additional whole-brain analyses. First, the superior temporal sulcus, ventrolateral prefrontal cortex and middle temporal gyrus clusters in the Age Group Â Emotion Â Intensity-Quadratic interaction, identified using age as a dichotomous variable, were also identified using age as a continuous variable, albeit at a lower threshold (see Supplementary Results for details). Second, when including both correct and incorrect trials, no clusters were significant in the Age Group Â Emotion Â Intensity-Linear, -Quadratic or -Cubic interactions.
Amygdala ROI analysis. Next, using an ROI approach to focus specifically on the amygdala, we tested whether adolescents and adults differ on amygdala activation associated with correctly labeling emotions, with intensity modeled linearly, quadratically and cubically. To do this, we used a linear mixed model with Age Group Â Emotion Â Intensity-Linear, -Quadratic andCubic interactions. The Age Group Â Emotion Â Intensity-Linear (F 2,462 < 1), -Quadratic (F 2,462 < 1) and -Cubic (F 2,462 ¼ 2.05, P ¼ 0.130) interactions were not significant in the bilateral amygdalae. Of note, the only significant contrast in the model was Emotion Â Intensity-Cubic (F 2,462 ¼ 4.72, P ¼ 0.009). Additional ROI analysis results are in Supplementary Table S2 .
Developmental differences in brain mechanisms of labeling emotions regardless of intensity (Age Group 3 Emotion)
We then tested whether adults and adolescents differed on brain activation associated with correctly labeling emotions, regardless of intensity, by examining the Age Group Â Emotion interaction in the whole-brain linear mixed model. For adolescents vs adults, two brain regions (inferior/middle occipital gyrus and inferior parietal lobule) respond differently during face labeling, depending on emotion. First, the Age Group Â Emotion interaction was significant in the inferior/ middle occipital gyrus (F 2,462 ¼ 13.47, xyz ¼ À21, À91, À4, k ¼ 76, P < 0.05 corrected; Figure 4 ). Post hoc tests indicated that in adults, the inferior/middle occipital gyrus activates more in response to negative (angry and fearful) than positive (happy) emotional faces (P < 0.001). In contrast, in adolescents, inferior/ middle occipital gyrus activation differs between the two negative emotions (fearful > angry, P ¼ 0.021), and neither negative emotion differs significantly from the positive emotion (happy). The Age Group Â Emotion interaction was also significant in the inferior parietal lobule (F 2,462 ¼ 9.08, xyz ¼ 51, À51, 44, k ¼ 53, P < 0.05 corrected; Figure 4) . Post hoc analyses indicated that adults deactivate inferior parietal lobule more than adolescents in response to fearful (P ¼ 0.014) and happy (P ¼ 0.036) faces, but adults and adolescents do not differ in their response to angry faces (P ¼ 0.766). Results from additional whole-brain contrasts are in Supplementary Table S1 .
Additional whole-brain analyses. First, the inferior/middle occipital gyrus and inferior parietal lobule clusters in the Age Group Â Emotion interaction, identified with age as a dichotomous variable, were also identified using age as a continuous variable (see Supplementary Results for details). Second, when the analysis was rerun including both correct and incorrect trials, the Age Group Â Emotion interaction was significant in the ventromedial prefrontal cortex/BA 10 (F 2,462 ¼ 13.62, P < 0.05 corrected).
Amygdala ROI analysis. Lastly, to focus specifically on the amygdala, using an ROI approach, we tested whether adolescents and adults differ on amygdala activation associated with correctly labeling emotions, regardless of intensity, by examining the Age Group Â Emotion interaction in the linear mixed model. The Age Group Â Emotion interaction was not significant in the bilateral amygdalae (F 2,462 < 1) (Supplementary Table S2 ).
Discussion
To our knowledge, this is the first study to examine age-related differences in brain regions involved in labeling subtly varying emotional expressions and the first study to examine nonlinear brain responses when labeling subtle-to-overt expressions. We documented several differences in the brain regions recruited by adults vs adolescents when correctly labeling face emotions. Specifically, in the superior temporal sulcus, ventrolateral prefrontal cortex and middle temporal gyrus, adults show an inverted-U-shaped response to increasing intensities of fearful faces and a U-shaped response to increasing intensities of happy faces, whereas adolescents show the opposite pattern. In contrast to these findings in regions sensitive to intensity of the face emotion, other regions show developmental differences, regardless of emotion intensity. In the inferior/middle occipital gyrus, we found differences in activation between negative (angry, fearful) and positive (happy) emotions in adults. In adolescents, however, activation in this region discriminates between angry and fearful emotions and, unlike in adults, does not discriminate either negative emotion from happy. Also, in the inferior parietal lobule, adults show more deactivation than adolescents in response to fearful and happy faces, whereas adolescents and adults show similar levels of deactivation to angry faces.
These findings on emotion labeling, particularly in the superior temporal sulcus, ventrolateral prefrontal cortex and middle temporal gyrus, are in line with prior work on other aspects of face processing, which found consistent developmental differences for fearful, and to a lesser extent, happy faces (Monk et al., 2003; Guyer et al., 2008; Johnson and Casey, 2014) . We found that for fearful and happy faces, adults and adolescents both showed quadratic response curves, but in opposite directions; the differences between adults and adolescents were most pronounced between the peak and nadir of those curves, which occurred with subtle, ambiguous ($50% faces), which were the most difficult for both adults and adolescents to identify (i.e. lowest accuracy). Our results support and extend previous work to show that developmental differences in neural activity are particularly apparent when subjects correctly label the emotion on subtle, ambiguous fearful and happy faces.
Adolescence is characterized by normative decreases in threat avoidance and increases in reward sensitivity that contribute to sensation-seeking and risk-taking behaviors (Steinberg, 2005) . Our finding of decreased ventrolateral prefrontal activation to middle intensity fearful faces in adolescents relative to adults may reflect decreased responsivity to social cues alerting one to potential threats in the environment, which in turn could be reflective of the decreased threat avoidance characteristic of adolescence. In addition, greater superior temporal sulcus activation to middle intensity happy faces in adolescents vs adults may reflect of greater responsiveness to set at whole-brain corrected false probability rate of P < 0.05. Axial view for (A) and (B), sagittal for (C). In all figures, values were extracted from the clusters and averaged for the plots. Asterisks indicate significantly different quadratic trends between adults and adolescents (P < 0.05 FDR-corrected for multiple comparisons).
stimuli associated with reward and approach, which is also characteristic of adolescence. This possible interpretation must be considered tentative, since the superior temporal sulcus has not traditionally been thought to be a primary reward processing region. However, data do suggest that superior temporal sulcus may be involved in processing reward (De Pascalis et al., 2010; Miedl et al., 2015) , particularly social aspects of reward (Korn et al., 2012; Morelli et al., 2014) . Notably, age-related differences were detected with middle intensity faces, suggesting that diminished threat avoidance and augmented reward sensitivity in adolescents may be most apparent in ambiguous situations where the 'correct' response is not obvious. To probe these possibilities directly, future studies could explore interactions among threat avoidance and reward sensitivity, ambiguity and brain activation while labeling faces. Finally, ambiguous stimuli may be more difficult for adolescents to identify, and thus brain responses may reflect effort rather than ambiguity itself. However, adults and adolescents did not differ on accuracy to at any emotion intensity, decreasing the likelihood that greater difficulty in adolescents is primarily driving the findings. Future studies that control for effort, measured more directly, such as through pupil dilation, will be necessary to address this possibility.
Our findings are somewhat in contrast to previous face processing studies that focused on whether or not a face is detected (Cohen Kadosh and Johnson, 2007; Kanwisher, 2010) . That is, whereas studies of face detection found increased cortical specialization with development, here, with face emotion labeling, we found a more complex pattern: activation differs with age in a manner that is neither more specialized nor more diffuse. The developmental patterns of face emotion labeling vs face detection may reflect the fact that the former is a more complex, higher-order process that undergoes a more prolonged period of development. Or, it may be that we were able to detect this more complex developmental pattern because our task (labeling subtle-to-overt emotions) is more complex than previous tasks (identifying whether or not a stimulus is a face). Overall, our findings suggest that, even though adults and adolescents perform similarly on the face emotion labeling task, their performance is subserved by different brain mechanisms. However, these findings should be replicated in a longitudinal study designed to rule out cohort effects.
Of note, in our data, the superior temporal sulcus, ventrolateral prefrontal cortex and middle temporal gyrus respond to faces by activating less (i.e. deactivating) relative to baseline. Additionally, both adults and adolescents deactivate inferior parietal lobule to varying degrees in response to faces. This is consistent with previous work on brain mechanisms of detecting overt emotions on faces (Cohen Kadosh et al., 2013) , which also found deactivation in superior temporal sulcus during passive viewing. Functional MRI does not provide an absolute baseline measure of activation; instead, in our data, the baseline reflects activation while viewing a fixation cross. While acknowledging the difficulties in interpreting deactivation in functional MRI studies, it is interesting to note that our finding of deactivation during face emotion processing is consistent with previous work.
The regions implicated in labeling emotions in our data have been identified previously as lying within the 'ventral stream' involved in representing object identity (Grill-Spector et al., 2008 ; except for inferior parietal lobule, which may play a complementary role integrating and utilizing information from ventral and dorsal streams to manage responses, Singh-Curry and Husain, 2009). In particular, these ventral stream regions, including the inferior/middle occipital gyrus, temporal lobe and ventrolateral prefrontal cortex respond more strongly to faces than to other objects (Grill-Spector et al., 2008; Ishai, 2008) and are sensitive to, and necessary for, recognizing face emotions (Pitcher et al., 2008; Cohen Kadosh et al., 2013) . Our study supports the idea that these ventral stream regions represent the classes into which objects can be sorted; whereas prior studies emphasize gross perceptual features of such stimuli (e.g. broad classes like faces, houses, animals, tools, etc., Grill-Spector et al., 2008; Dunsmoor et al., 2014) , the current report extends this research by using stimuli that can be arranged into classes based on more fine-tuned features, such as varying intensities of specific emotions, that require greater classification skill. Indeed, prior research suggests that classification skill reflects engagement of these ventral stream regions (Gauthier et al., 1997) . Our study extends this work to the realm of development, suggesting that maturation in the ability to parse complex emotions through fine-tuned perceptual features reflects maturation in function within the ventral stream.
Of note, the role of the ventrolateral prefrontal cortex in our study is consistent with previous work that suggests emotion labeling heavily recruits ventrolateral prefrontal cortex, which in turn downregulates amygdala responses to emotional faces (Lieberman et al., 2007) . The ventrolateral prefrontal recruitment that we documented may explain why, in this study, we do not detect significant differences in activation in the amygdala for the main effect of emotion or other interactions with emotion, although overall, we do find amygdala activation in response to the faces (Supplementary Results). Future studies directly comparing amygdala-ventrolateral prefrontal effective connectivity during emotional face labeling vs passive viewing or other implicit processing of emotional faces will be necessary to further investigate this issue. This will be particularly important to investigate with regard to age-related differences, given that adolescents and adults have been shown to differentially recruit ventrolateral prefrontal cortex during cognitive regulation of negative social emotion (Silvers et al., 2014) as well as in numerous cognitive control studies (Tamm et al., 2002; Velanova et al., 2008) .
Our primary analyses examined neural processes associated with correctly labeling emotions; when incorrect trials were not excluded, no clusters were significant for the Age Group Â Emotion Â Intensity-Linear, -Quadratic, or -Cubic interactions, and a different cluster was significant for the Age Group Â Emotion interaction. Including incorrect with correct trials is advantageous to ensure that neural effects are estimated from the same number of trials per condition and to provide a fuller picture of the emotion labeling process. Of note, however, adults and adolescents did not differ on accuracy to identify emotions, and thus, it is unlikely that differences in accuracy are driving our results. Additionally, there is considerable heterogeneity in the types of errors that participants make and therefore in the underlying psychological and neural mechanisms. For example, a trial could be incorrect because a happy face was labeled angry, or a fearful face was labeled neutral, and so on, all of which represent potentially different processes. Thus, combining correct and incorrect trials (and the multiple processes that these represent) would introduce noise. Also, interpretability of clusters identified when including all trials, regardless of accuracy, is suspect, as effects could be due to correct trials, incorrect trials, or any subset of the incorrect trials (anger labeled as fearful, happy labeled as angry, etc.) To directly probe the neural mechanisms underlying labeling incorrect trials, it will be necessary to design a labeling task that generates enough trials of each subset of incorrect responses to investigate these distinct processes separately.
Limitations
Our study has at least two limitations. First, although our sample size is comparable to or greater than similar studies on face emotion (13 adults, Ishai et al., 2004; 14 adults, Cohen Kadosh et al., 2010; e.g. 14 adults, 22 adolescents, Cohen Kadosh et al., 2011; 14 adults, 12 adolescents, 16 children, Cohen Kadosh et al., 2013) , it is nonetheless modest (23 adults, 21 adolescents), relative to data from large consortiums. However, because these data repositories depend on gathering data from multiple lab groups, they have largely relied on resting state scans or brief, relatively simple paradigms (Schumann et al., 2010; Di Martino et al., 2014) . This article used a novel paradigm (labeling face emotions with varying degrees of subtlety) that was uniquely poised to answer an outstanding question about the development of face emotion processing. Nevertheless, in future research, our findings will need to be replicated with a larger sample.
Second, as the vast majority of face paradigms do, we presented faces without explicitly monitoring attention to the faces. Thus, in this study and others that did not measure attention, it is possible that potential differences in attention to the faces may affect neural response. Of note, the age groups did not differ on emotion labeling accuracy, suggesting that both adults and adolescents directed attention to the faces. However, to test the effects of attention directly, future research using tools that explicitly measure attention, such as eyetracking, will be necessary.
Future directions
This study lays the foundation for a program of research on face emotion labeling. Specifically, as this study documented typical developmental changes in the brain mechanisms underlying face emotion labeling, a natural next step is to chart how the developmental trajectory of these brain mechanisms may veer off-course in adolescents and adults with psychopathology in which face emotion labeling is compromised (e.g. bipolar disorder, McClure et al., 2005; Brotman et al., 2008a ; risk for bipolar disorder, Brotman et al., 2008b; schizophrenia, Strauss et al., 2010; depression, Schepman et al., 2012; risk for depression, Lopez-Duran et al., 2013) . Identifying the brain mechanisms underlying alterations of specific socioemotional processes, such as emotional face labeling, that may contribute to psychopathology symptoms could yield targets for hypothesis-driven medical and behavioral treatments.
